TITLE OF THE INVENTION 

Communications System and Communications Lighting Apparatus 
BACKGROUND OF THE INVENTION 

1 , Field of the Invention 

The present invention relates to a communications system and a 
communications lighting apparatus, each using illumination light to accomplish 
optical conmiunication. 

2. Description of the Related Art 

Recent years have seen a fast progress in the broadband, wired or wireless 
conmiunications technology as an increase in amount of personal use information. 
To be more specific, communication service using the existing telephone lines, 
such as ADSL (Asymmetric Digital Subscriber Line), has come into use. 
Communication can therefore be achieved at high speed and low cost. The 
next-generation, high-speed communication means is optical communication. 
Light sources, conmiunications modules, communications apparatuses and 
communications systems, all required in optical the home network or FTTH 
(Fiber-To-The-Home) network, either utilizing light, are now being developed. 

Light-emitting means most widely used iii our daily life is lighting 
apparatuses. The lighting apparatuses are indispensable to our life. They are 
installed ever3rwhere and used day and night. The lighting apparatuses generally 
used are fluorescent lamps and incandescent bulbs. They find their use in houses, 
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working places, public institutions, and the like. To save energy, lighting 
apparatuses having light-emitting diodes (LEDs) or employing organic EL (Electric 
Luminescence) have been recently developed. 

There are various systems in which light is used for conmiunication. 
Among these systems is one used to control a robot. In this system, a 
light-emitting/receiving device is provided on the ceiling or wall of the room in 
which the robot works. Optical communication is performed between the robot 
and the light-emitting/receiving device. A system of this type is disclosed in, for 
example, Japanese Patent No. 2668793. 

The system disclosed in Japanese Patent No. 2668793, however, is 
designed for limited use only, for example in plants. The information transmitted 
and received is limited to the data for controlling a robot. This system does not 
fully utilizes lighting apparatuses that are light-emitting means widely and 
conunonly used. 

As pointed out above, lighting apparatuses are broadly used in our living 
space to apply light. The light they emit is not utilized in optical communication, 
however. This means that the existing lighting infrastructure is not fiilly used in 
our daily life. 

SUMMARY OF THE INVENTION 

The present invention has been made in view of the foregoing. An object 
of this invention is to provide a conraiunications system and a communications 
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lighting apparatus, each using illumination light to accomplish optical 
communication. 

To achieve the object specified above, a communications system according 
to this invention comprises a communications lighting apparatus having a first light 
source unit which emits illumination light and a second light source unit which 
transmits information in the form of an optical signal; and a mobile terminal device 
which receives the optical signal emitted by the second light source unit. 

A communications lighting apparatus according to the present invention 
comprises a first light source unit, which emits illumination light; and a second 
light source unit, which transmits information in the form of an optical signal. 

As described above, the present invention utilizes lighting apparatuses of 
the existing type, to transmit optical information. Since the lighting apparatuses 
are widely used in our living space, the invention can accomplish optical 
communication in various places. 

The communications lighting apparatus of this invention can be used in 
place of a conventional lighting apparatus. Thus, it can be installed at low cost, 
by using the existing lighting infrastructure. 

Moreover, the communications lighting apparatus of the invention can 
transmit information at high speed and high precision. This is because the second 
light source unit comprises light sources that emit light beams of different 
wavelengths or a combination of an end-plane emission semiconductor laser, a 
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vertical-plane emission semiconductor laser, and a quantum-cascade semiconductor 
layer. The communications lighting apparatus can therefore transmit information 
at high speed and high precision. In addition, the second light source unit can be 
small. 

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWING 

FIG. 1 is a schematic diagram that illustrates a lighting communications 

system according to the present invention; 

FIG. 2A is a diagram illustrating how a conventional lighting apparatus 

emits light; 

FIG. 2B is a diagram showing how an optical-information transmitting, 
lighting apparatus according to the invention emits light, or how it transmits optical 
information; 

FIG. 3 is a block diagram representing the internal structure of the 
information^ansmitting unit incorporated in the lighting apparatus shown in FIG. 
2B; 

FIG. 4A is a schematic diagram explaining how one 
informationHxansmitting unit emits laser beams of the same wavelength to achieve 
optical communication; 

FIG. 4B is a schematic diagram explaining how one 
information^ransmitting unit emits laser beams of one wavelengths and another 
information-transmitting unit emits laser beams of another wavelength, in order to 



accomplish optical communication; 

FIG. 5 is a schematic diagram explaining how one info^mation^^ansmitting 
unit, which is a multi-beam laser or a multi^avelength laser, emits laser beams to 
achieve optical communication; 

FIG. 6A is a sectional view of a light-emitting element that may be used in 
this invention; 

FIG. 6B is a sectional view another type of a light-emitting element that 
may be used in this invention; 

FIG. 7 A is a schematic diagram that explains how an illumination light 
source transmits an optical signal; 

FIG. 7B is a schematic diagram that explains, how an illumination light 
source of another type transmits an optical signal; 

FIG. 8 is a block diagram showing a control unit for controlling an 
illumination light source and an information-transmitting unit; and 

FIG. 9 shows a lighting apparatus having a laser for emitting visible laser 
beams and illustrates a region in which optical information can be received. 
DETAILED DESCRIPTION OF THE INVENTION 

A lighting communications system 1 according to the present invention will 
be described. The lighting communications system 1 utilizes a lighting apparatus, 
which is an element of the lighting infrastructure, to accomplish optical 
communication. In the system 1, the lighting apparatus performs not only its 
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essential function of providing people with a "view field," but also an additional 
function of achieving optical communication. 

FIG. 1 shows a lighting communications system 1 according to this 
invention. The lighting communications system 1 comprises an 
optical-4nformation transmitting, lighting apparatus 2 and a mobile terminal 3. 
The lighting apparatus 2 can transmit optical information in the form of an optical 
signal. The mobile terminal 3 can receive the optical signal that the lighting 
apparatus 2 has emitted. 

The mobile terminal 3 has a light-receiving unit 31 and a display unit 32. 
The light^eceiving unit 31 can receive the optical signal transmitted from the 
optical^nformation transmitting, lighting apparatus 2. The display unit 32 can 
display to a user the information represented by the optical signal. The mobile 
terminal 3 is, for example, a mobile telephone, a PDA (Personal Digital Assistants) 
or a laptop computer. The mobile terminal 3 may have a buzzer or an LED in 
addition to the display unit 32. In this case, the buzzer or LED can inform the 
user that the terminal 3 is receiving an optical signal from the opticaHnformation 
transmitting, lighting apparatus 2. 

The configuration of the opticaHnformation transmitting, lighting 
apparatus 2 will be described in detail. FIG. 2A illustrates how a conventional 
lighting apparatus 100 emits light. FIG. 2B shows how the opticaHnformation 
transmitting, lighting apparatus 2 according to this invention emits light. As seen 
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from FIG. 2B, the conventional lighting apparatus 100 is a light source that is 
designed to provide light (view field) only. In contrast, the optical-information 
transmitting, lighting apparatus 2 has not only an illumination light source 4, but 
also an information-transmitting unit 5. The information^ransmitting unit 5 emits 
light intermittently. Note that the illumination light source 4 is, for example, a 
fluorescent lamp, an incandescent lamp, an LED or an organic EL device. 

The optical-information transmitting, lighting apparatus 2 can be installed 
and replaced in the same way as any lighting apparatus generally and commonly 
used. It may be used in place of the conventional lighting apparatus 100, to 
provide a region in which optical conmiunication can be carried out. Like the 
conventional lighting apparatus 100, the lighting apparatus 2 can be installed in 
various regions in our living space. Thus, the lighting apparatus 2 can turn these 
regions into optical conmiunications regions. It should be noted that the 
illumination light source 4 is hot limited to a fluorescent lamp or an incandescent 
lamp, which is used to provide Hght (view field). Rather, the illumination light 
source 4 may be an electric bulletin board or a light-emitting markers. 

The information-transmitting unit 5 is a device mounted on the illumination 
light source 4, to implement the spatial transmission of optical information (i.e., 
optical data conmiunication). The unit 5 is a combination of, for example, a 
semiconductor laser and some components. It is a multi-beam device that emits 
many beams of different wavelengths, thus achieving planar light-emission. 
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Moreover, the information-transmitting unit 5 incorporates an integrated circuit 
(IC) that drives the laser (i.e., light source) intermittently. 

FIG. 3 is a block diagram representing the internal structure of the 
information^ransmitting unit 5. The information-transmitting unit 5 comprises a 
light source section 12, a recording section 11, a recording medium 6, and a control 
section 10. The light source section 12 supplies optical signals. The recording 
section 11 records optical signals representing information. The recording 
medium 6 stores information from which optical signals may be generated. The 
control section 10 controls the light source section 12. The section 10 reads 
information from the recording section 11 or the recording medium 6, generates 
optical signals corresponding to the information and makes the light source section 
12 to supply the optical signals. 

The information-transmitting unit 5 further comprises a reading section 61 
for reading information from the recording medium 6 to change the information 
represented by optical signals. The recording medium 6 is, for example, a 
semiconductor memory such as a memory stick. The information-transmitting 
unit 5 has an interface 7 for receiving the information represented by optical signals 
supplied from external devices. The interface 7 is, for example, a USB or a fiber 
connector. In the information-transmitting unit 5, the recording section 11 
provided in the above-mentioned IC records the optical signals supplied from the 
external devices (e.g., information terminals and servers) through the interface 7. 
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Therefore, the user of the information^ransmitting unit 5 can change the 
information represented by optical signals, in the same way as with personal 
computer. Note that the recording medium 6 and the reading section 61 constitute 
an information-changing means and that the interface 7 and the recording section 
11 constitute another information-changing means. It suffices for the 
information^ransmitting unit 5 to have at least one of these information-changing 
means. 

The light source section 12 has a semiconductor laser or a quantum cascade 
laser, whose oscillation band ranges from the near-infrared band (780-nm) to the 
intermediate far-4nfrared band (1.5-|im or more). A quantum cascade laser may 
be used, because it emits a very coherent beam that propagates straight. Having 
either a semiconductor laser or a quantum cascade laser, the section 12 can emit 
optical signals that are more intensive and, hence, can be received more readily, 
than beams emitted from a scattered light source. The quantum cascade laser can 
emit a beam having a wavelength falling within the intermediate far-infrared band 
(particularly, a region of 3 to 4 ^m or a region of 8 to 13 |iim). The intermediate 
far-infrared band is known as "window in the atmosphere." Light having a 
wavelength within this band is scarcely absorbed by water vapor in the atmosphere. 
Thus, the use of this band makes it possible to suppress the degradation of the 
optical signal. This ultimately accomplishes a long-distance, spatial transmission 
of optical signals. 
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The energy E of the light used in the spatial transmission is given: 
E = hc/X 

where h is Planck's constant, c is the velocity of light, and X is the wavelength of 
light used. 

Since the light source section 12 has a laser that emits a beam having a long 
wavelength falling within the range specified above, the information-transmitting 
unit 5 is a device very safe to the human eye. 

The information-transmitting unit 5 may have a multi-beam laser device 
that comprises a plurality of lasers and emit a plurality of laser beams. The 
multi-beam laser device may be a multHDeam laser designed for use in high-speed 
laser-beam printers or a two-wavelength laser designed to reproducing data from 
CDs or DVDs. Among the multi-beam laser devices available are one type that 
can emit a plurality of laser beams independently, and another type that can emit 
laser beams of different wavelengths, independently. 

FIG. 4 A is a schematic diagram that explains how one 
information-transmitting unit 51 provided in the optical-information transmitting, 
lighting apparatus 2 emits a plurality of laser beams. In this unit 51, the lasers are 
independently driven, emitting parallel laser beams of the same wavelength. The 
more beams are emitted, the greater the amount of information will be transmitted. 
Thus, the information-transmitting unit 51 can help to achieve high-speed optical 
conmiunication involving a large amount of information, such as moving-^)icture 
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data, as will be increasingly desired in the near future. 

FIG. 4B is a schematic diagram showing how two information^ansmitting 
units 52 and 53, both provided in the opticaHnformation transmitting, lighting 
apparatus 2, emit laser beams. As shown in FIG. 4B, the information-transmitting 
unit 52 has lasers that emit beams having wavelength XI, whereas the 
information-transmitting unit 53 has lasers that emit beams having wavelength X2. 
Hence, laser beams of one wavelength can convey information that cannot be 
conveyed by laser beams of another wavelength. Thus, the units 52 and 53 
cooperate to accomplish high-speed optical communication involving a large 
amount of information. 

FIG. 5 is a schematic diagram explaining how one information^ansmitting 
unit 54 provided in the opticaHnformation transmitting, lighting apparatus 2 emits 
a plurality of laser beams. In this unit 54, the lasers are independently driven, 
emitting parallel laser beams of different wavelengths. Thus, a single 
information-transmitting unit, namely, the unit 54, works in the same way as the 
two units 52 and 53 shown in FIG. 4B. The unit 54 can alone accomplish 
high-speed optical communication involving a large amount of information. 

The lasers used in the information-transmitting unit 5 may be an IC element 
81 shown in FIG. 6A or an IC element 82 shown in FIG. 6B. FIG. 6A is a 
sectional view of the IC element 81 of the vertical cavity surface emission 
(VCSEL) type. The IC element 81 emits a laser beam in the direction of arrows. 
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The IC element 81 is a laser comprising a semiconductor wafer, a light-emitting 
layer and reflection layers. The light-emitting layer and the reflection layers are 
provided on the semiconductor wafer, one laid upon another in a direction 
perpendicular to the surface of the wafer. The IC element 81 emits light in this 
direction. It can emit light at a smaller power than the IC element 82 illustrated in 
FIG. 6B. 

FIG. 6B is a sectional view of the IC element 82 of the Fabry-Perot edge 
emitting (FP) type. The IC element 82 emits laser beams in the directions of 
arrows. The IC element 82 is a laser comprising a semiconductor wafer and 
stripe-shaped light-emitting layers. The light-emitting layers are arranged in a 
direction parallel to the surface of the semiconductor wafer and have reflecting 
surfaces each. Each light-emitting layer emits light from one end exposed at one 
surface of the wafer, in a direction parallel to the surface of the wafer. The IC 
element 82 has small light-emitting regions. Its light-emitting points can therefore 
be easily limited. Since the IC element 82 emits a plurality of laser beams, each 
independent of any other. Therefore, a plurality of light sources need not be used 
in the information^ansmitting unit 5. This helps to make the unit 5 small and 
reduce the number of component thereof. 

The opticaHnformation transmitting, lighting apparatus 2 may have a laser 
or lasers of various types, including the above-mentioned two types. To select 
one type for use in the optical-information transmitting, lighting apparatus 2, the 
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operating characteristics of the various types available should be considered to 
determine which type serves to manufacture the lighting apparatus 2 easily. 
Further, a method of extracting light from the laser or lasers should be devised in 
view of the structure and internal configuration of the optical-information 
transmitting, lighting apparatus 2. Thus, the lighting apparatus 2 can be a small, 
high-performance apparatus. 

Another type of the opticaHnformation transmitting, lighting apparatus 2 
will be described. As FIG. 7A shows, this lighting apparatus 2 has an illumination 
light source 41 that is designed to apply "light." The illumination light source 41 
intermittently emits light, thus transmitting an optical signal. The light beam the 
illumination light source 41 emits is incoherent. The amount of information that 
the illumination light source 41 can transmit is limited. Nonetheless, the light it 
emits propagates by radiation, which is a characterizing feature of scattered light. 
Incoherent light beam can convey optical signals in a broad region. 

FIG. 7B shows still another type of the optical-information transmitting, 
lighting apparatus 2. This lighting apparatus 2 has an illumination light source 41 
and an information-transmitting unit 5. The light source 41 emits a coherent light 
beam. The information^ransmitting unit 5 emits a coherent light beam, too. 
Namely, both the light source 41 and the unit 5 emit an optical signal. A coherent 
light beam can be detected, but in a limited region. Nevertheless, it can be 
detected in a broader region if it is combined with another coherent light beam. 
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Incoreherent light beams have low intensity and can hardly be detected. 
Nonetheless, it can be detected if it is combined with a coherent light beam, thereby 
suppressing a transmission error or noise of the optical signal it conveys. 

Each of the illumination light sources 41 shown in FIGS. 7 A and 7B must 
be used in combination with a control unit that drives the light source 41 
intermittently. Such a control unit 20 is depicted in FIG. 8. The information to 
be conveyed by an optical signal that the light source 41 should emit is recorded in 
a recording unit 21 or a recording medium 6. In accordance with this information, 
the control unit 20 intermittently drives the illumination light source 41. Thus 
driven, the light source 41 intermittently emits light. The control unit 20 may 
control not only the illumination light source 41, but also the 
information-transmitting unit 5. The other components shown in FIG. 8, which 
Jare identical to those illustrated in FIG. 2, are designated at the same reference 
numerals and will not be described. 

FIG. 9 depicts an optical-information transmitting, lighting apparatus 2 that 
has a visible4ight laser 9 for emitting visible laser beams. FIG. 9 also illustrates a 
region in which optical information can be received. Most light sources employed 
in optical communication emit light having a wavelength in near^lnfirared band 
(780-iim) or a longer wavelength. The light they emit is therefore invisible to the 
human eye. Although the light any visible-light laser emits has a great energy, 
light invisible to the human eye is used in the present embodiment. Thus, the 
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optical-information transmitting, lighting apparatus 2 of FIG. 9 is of so-called 
"eye-safe design," not emitting light beams that are harmful to the human eye. 

The use of the lighting communications system 1 will be explained. The 
optical-information transmitting, lighting apparatus 2 can provide information in 
the form of advertisement, bulletin, memorandum, guidance and the like. Profit 
organizations, such as companies, may use the optical-information transmitting, 
lighting apparatus 2 to give advertisement, merchandize-guidance, service 
information and the like. Public institutions may utilize the lighting apparatus 2 to 
provide bulletins, guidance and information. People may use the apparatus 2 to 
give advertisement, set up bulletins and disclose information such as personal 
memos. 

The optical-information transmitting, lighting apparatus 2 that achieves 
optical communication may be installed in convenience stores, on the platforms 
and wickets of railway stations, in train cars, at the gates to buildings, in parking 
lots, on car headlights, on electric bulletin boards, and the like. 

Any lighting apparatuses apply light, providing "information from a view 
field." From the "information in a view field," we can visually recognize the 
space where he or she is and any object that exists in the space. The 
optical-information transmitting, lighting apparatus 2 gives a person the 
information about the place where he or she is and any object that is arranged in the 
place. 
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If installed, for example, in a train car, on a platform of a station or at an 
wicket thereof, the opticaHnformation transmitting, lighting apparatus 2 can give 
people the information about the trains in service and the information suggesting 
how they may spend time efficiently in the trains. The information about the 
trains may include the data about the station, station yard guides, sightseeing guides, 
the time table, delayed departures and arrivals, line-transfer guides, the time 
required to reach a specific destination, and the like. The information suggesting 
an efficient use of time in the trains may be a list of books people may read in the 
trains and a list of games they may enjoy in the trains. Trains are means of 
transportation that is used by a great number of people at various ages. In view of 
this, the lighting apparatus 2 may provide advertisement at the request of 
enterprises and local governments. 

If the lighting apparatus 2 is installed outdoors, for example on the street, at 
the gate to a building or a parking lot, it can give information about the place where 
it is installed. The information may be the address of the place, the regulations 
valid in the place, the security condition of the place, the details of the real estate 
available in the place, the rooms for rent, the guide to the parking lot, the guide to 
the nearest station, or advertisement. 

The opticaHnformation transmitting, lighting apparatus 2 may be installed 
in a convenience store. In this case, the lighting apparatus 2 can provide 
information about the store and goods sold in the store, such as data on other stores, 

16 



brand-new goods, the prices of the goods and the calories of foods. Further, the 
lighting apparatus 2 may display advertisement. If the lighting apparatus 2 is 
installed on car headlights, it may display the registered car number, the 
car inspection record and the personal advertisement of the car owner. Suppose 
the lighting apparatus 2 is installed on an electric bulletin board. Then, it may 
display advertisement, a guide to various schools, or the like. 

If the opticaHnformation transmitting, lighting apparatus 2 is installed 
outdoors, the optical information it can provide will not be limited to advertisement. 
Rather, the lighting apparatus 2 can give information useful to the public, such as 
security conditions, warnings, guidance and the like. If the lighting apparatus 2 is 
installed in a house, it can give information shared by the family members, such as 
important memos, the personal data about the family members, security conditions, 
and the like. 

At present, people use lighting apparatuses day and night as means for 
providing "light." The lighting apparatus gives light, thus giving us "information 
from a view field." The opticaHnformation transmitting, lighting apparatus 2 
according to this invention emits illumination light, transmitting information solves 
and meets the psychological questions and demands of a person who is going to do 
something in the place where the light is available. That is, the illumination light 
is efficiently utilized, not only illuminating things but also helping people achieve 
their desires. 
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The information that the opticaHnformation transmitting, lighting 
apparatus 2 transmits makes the people staying near the apparatus 2 feel safe and 
satisfied. The lighting communications system 1 can be used in advertisement 
business by selling the optical-information transmitting, lighting apparatus 2 or by 
offering places for installation of the lighting apparatus 2. Even an individual can 
use the lighting communications system 1 to transmit information, merely by 
replacing the existing lighting apparatus with the opticaHnformation transmitting, 
lighting apparatus 2.. 

A source of coherent light, such as a semiconductor laser, is indispensable 
to the lighting communications system 1 in order to accomplish spatial 
transmission of information. The spatial transmission is attained by the use of a 
source that emits long-wave light. Hence, a source of longwave light source is 
indispensable to optical communication. This is why the technology pertaining to 
two^avelength laser or a multi-beam laser is applied in the present invention, to 
realize high-speed wireless communication. 

The source of coherent light may be improved to emit light of longer 
wavelengths. The intermediate far-infrared band (particularly, a region of 3 to 5 
|im or a region of 8 to 13 |Lim), for example, has a part in which light is scarcely 
absorbed by water vapor in the atmosphere. This part of the intermediate 
far-4nfrared band is known as "window in the atmosphere." The use of the 
window of the atmosphere accomplishes a long-distance optical communication. 
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The intermediate far-infrared band includes an absorption region at which 
light is absorbed due to vibration or rotation of various gases. Light having a 
wavelength within this absorption region can therefore be used to detect gas 
absorption to the order of ppm (Parts Per Million). Thus, the concentration of gas 
in a house or a factory can be determined by measuring the amount of the light 
coming from the information-transmitting unit 5. This can provide information 
important to people in terms of safety and health. 
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